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FINFET TRANSISTOR STRUCTURE AND
METHOD FOR MAKING THE SAME

CROSS REFERENCE TO RELATED
APPLICATIONS

This patent application is a continuation application of and
claims priority to U.S. patent application Ser. No. 13/116,
018, filed on May 26, 2011, and entitled “FINFET TRAN-
SISTOR STRUCTURE AND METHOD FOR MAKING
THE SAME” the entire contents of which are incorporated
herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention generally relates to a FINFET tran-
sistor structure and a method for forming various FINFET
transistor structures. In particular, the present invention is
directed to a method for forming various FINFET transistor
structures by different possibilities of formation of oxide
layers to reduce the leak current of the FINFET transistor
structure or to maintain the heat-dissipating of the FINFET
transistor structure.

2. Description of the Prior Art

One of the purposes of the development of the semicon-
ductor industry is to enhance the efficiency of the semicon-
ductor devices and to reduce the energy consumption of the
semiconductor devices. When it comes to enhancing the effi-
ciency of the semiconductor devices, it is already known in
the prior art that different lattice structures may facilitate the
mobility of the electrons or the holes.

For example, a higher carrier mobility can be observed
when a metal-oxide-semiconductor (MOS) is constructed on
an n-channel of a (100) lattice of Si, and similarly a higher
carrier mobility can be observed when a metal-oxide-semi-
conductor (MOS) is constructed on a P-channel of a (110)
lattice of Si. As a result, when a planar complementary MOS
is constructed, Si of different lattices is formed together to get
a substrate so that MOS of n-channel is constructed on a (100)
lattice, and MOS of P-channel is constructed on a (110) lattice
to get a better performance.

However, as the critical dimension of the devices shrinks,
in particular for the generations after 65 nm, the multi-gate
devices such as a fin field effect transistor (FinFET) is pro-
posed to replace the planar complementary MOS since it is
getting harder and harder to reduce the physical dimension of
the conventional planar complementary MOS. However, in
one aspect, because some of the bottom of the fin field effect
transistor is directly connected to the substrate, inevitable
leak current is always a serious problem. In another aspect,
should the fin field effect transistor be constructed on an SOI
substrate to solve the problem of inevitable leak current,
another problem arises because of a higher production cost
due to much more expensive SOI substrates.

Given the above, a novel method for forming a FINFET
transistor structure as well as anovel FINFET transistor struc-
ture are still needed to bring a resolution to the dilemma.

SUMMARY OF THE INVENTION

The present invention accordingly proposes a method for
forming various FINFET transistor structures to obtain vari-
ous FINFET transistor structures to meet various demands.
The present invention utilizes the different possibilities for
forming oxide to construct FINFET transistors of different
structures. In one aspect, there is no need to use the expensive
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2

SOI substrate and a FINFET transistor structure disposed on
an insulating layer can still be formed. Moreover it is charac-
terized that at least one of the top side and the bottom side of
the insulating layer is uneven. In another aspect, the present
invention also proposes a FINFET transistor structure with a
bottle neck directly connected to the substrate. The bottle
neck is capable of lowering the leak current of the FINFET
transistor structure without reducing the heat-dissipating
ability of the FINFET transistor structure.

The present invention proposes a FINFET transistor struc-
ture. The FINFET transistor structure of the present invention
includes a substrate comprising a fin structure and two com-
bined recesses embedded within the substrate, wherein each
of'the combined recesses comprises a first recess extending in
a vertical direction and a second recess extending in a lateral
direction, the second recess has a protruding side extending to
and under the fin structure. Two filling layers fill in the com-
bined recesses. A gate structure crosses the fin structure.

These and other objectives of the present invention will no
doubt become obvious to those of ordinary skill in the art after
reading the following detailed description of the preferred
embodiment that is illustrated in the various figures and draw-
ings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1-8B illustrate the method for forming various FIN-
FET transistor structures to obtain various FINFET transistor
structures of the present invention.

FIG. 9A illustrates a FINFET transistor structure of the
present invention.

FIG. 9B illustrates another FINFET transistor structure of
the present invention.

DETAILED DESCRIPTION

The present invention provides a novel method for forming
various FINFET transistor structures to obtain various FIN-
FET transistor structures to meet various demands. In the
method of the present invention, the procedures for forming
the oxide may be different, so FINFET transistors of different
structures may be constructed. In one aspect, there is no need
to use expensive SOI substrate, and a FINFET transistor
structure disposed on an insulating layer can still be formed.
Moreover it is characterized that at least one of the top side
and the bottom side of the insulating layer is uneven. In
another aspect, the present invention also proposes a FINFET
transistor structure with a bottle neck directly connected to
the substrate. The bottle neck lowers the leak current of the
FINFET transistor structure without reducing the heat-dissi-
pating ability of the FINFET transistor structure.

FIGS. 1-8B illustrate the method for forming various FIN-
FET transistor structures to obtain various FINFET transistor
structures of the present invention. First please refer to FIG. 3,
a substrate 101 and at least a fin structure 110 disposed on the
substrate 110 are provided. The fin structure 110 includes a
mask layer 111, a buffer layer 112, a cap layer 113, a fin
conductive layer 117 and a spacer 114.

The fin structure 110 may be formed as follows. First, as
showninFIG. 1, amasklayer 111, a bufferlayer 112 and acap
layer 113 are provided on the substrate 101. The cap layer 113
may include silicon oxynitride and blanket deposited on the
substrate 101 by deposition. The buffer layer 112 including
silicon oxide is formed on the cap layer 113 by deposition. A
patterned mask layer 111 is formed on the buffer layer 112 so
that the mask layer 111 has a pattern to define the fin structure
110. The mask layer 111 may be a hard mask, such as a hard
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mask including silicon nitride. The method for forming the
patterned mask layer 111 may be the pattern on a pre-pat-
terned photoresist (not shown) is transferred to the mask layer
111 by etching.

Second, as shown in FIG. 1, the patterned mask layer 111
is used as an etching mask to carry out a fin structure etching
step. The fin structure etching step partially removes the
buffer layer 112, the cap layer 113 and the substrate 101 to
roughly define the profile of the fin structure 110. Some of the
substrate 101 below the cap layer 113 becomes a fin conduc-
tive layer 117. A dry etching may be used to carry out the fin
structure etching step. For example, the buffer layer 112 and
the cap layer 113 are etched by CF,, O, and He. Besides, the
substrate 101 is etched by HBr, O, and He.

Then as shown in FIG. 2, a spacer material layer 115 is
formed on the mask layer 111, the buffer layer 112, the cap
layer 113 and the substrate 101 to cover the previously formed
material layers and the fin conductive layer 117. The spacer
material layer 115 may include silicon nitride. Optionally,
before the spacer material layer 115 is deposited, another
buffer layer 119 of silicon oxide may be formed in advance so
that the buffer layer 119 becomes a second spacer material
layer and the spacer material layer 115 becomes a first spacer
material layer.

Then, as shown in FIG. 3, a side wall etching step is carried
out to partially remove the spacer material layer 115 and the
optional buffer layer 119. At last, a spacer 114 is obtained to
protect the fin conductive layer 117 and the resultant fin
structure 110. In other words, the spacer 114 may include the
spacer material layer 115 and the optional buffer layer 119. In
addition, the spacer 114 may surround the mask layer 111, the
buffer layer 112, the cap layer 113 and the fin conductive layer
117. The side wall etching step may also remove some of the
fin structure 110 to form a rounded corner 116.

Continuing, as shown in FIGS. 4 and 5, the mask layer 111
and the spacer 114 are used as the etching masks to carry out
a substrate etching step to form a first recess 103 and a second
recess 102 connecting to the first recess 103 in the substrate
101. The positions of the first recess 103 and the second recess
102 are relative, for example, the second recess 102 surrounds
the first recess 103. The substrate etching step to form the first
recess 103 and the second recess 102 is not a single etching
procedure, and usually includes multiple etching procedures,
to respectively construct the needed first recess 103 and sec-
ond recess 102.

For example, the substrate etching step may include at least
one vertical etching step and at least one lateral etching step.
Since the order of the vertical etching step and the lateral
etching step of the present invention is not crucial, one of the
vertical etching step and the lateral etching step is first carried
out then the other one is carried out for example.

In one embodiment as shown in FIG. 4, the vertical etching
step is first carried out to construct the first recess 103. For
example, a dry etching such as SF; and He is used to remove
some exposed substrate 101 to construct the first recess 103 of
a needed size, for example, 5 nm~100 nm deeper from the
spacer 114. Later, as shown in FIG. 5, a dry etching alone or
in combination with a wet etching may be used to carry out
the vertical etching step to form the needed second recess 102
and simultaneously to form a bottle neck 104 under the fin
structure 110. For example, the dry etching may be SF and
He to remove the substrate 101 and the wet etching may be
aqueous NH; and low concentration H,O, to remove the
substrate 101. Please note that the second recess 102 is pref-
erably in a wedge shape, that is, a protruding side 105 extends
to and under the fin structure 110 by etching along a certain Si
lattice. Of course, as shown in FIG. 5A, a lateral etching step
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may be carried out first to form the second recess 102. Then,
as shown in FIG. 6B, the first recess 103 can be form by a
vertical etching step. The second recess 102 and the first
recess 103 together to form a combined recess 1000. The
combined recess 1000 may be in a shape of an inversed L.
Optionally, the bottle neck 104 may have a width between 3
um-10 pm, or the width of the bottle neck 104 may be 40%-
60% of that of the fin structure 110.

Next, an oxide layer to fill the first recess 103 and the
second recess 102 is about to be formed. There may be dif-
ferent approaches to form the oxide layer. Different
approaches may make the resultant oxide layer structurally
different so that the final FINFET transistor structures are
accordingly different, too.

In a first embodiment of the present invention, an filling
layer which fully supports the fin structure 110 is formed. The
filling layer can by silicon oxide or silicon oxynitride. Please
refer to FIG. 6, after the needed first recess 103 and second
recess 102 are done, an oxidization procedure may be used to
form the filling layer 120 which fully supports the fin struc-
ture 110. For example, a furnace oxidation procedure is used
to oxidize the exposed substrate 101, that is to oxidize the Si
atoms in the substrate 101 near the fin structure 110, the first
recess 103 and the second recess 102, to form a filling layer
120 including silicon oxide and serve as a field oxide to
segregate the substrate 101 and the fin structure 110. The
thickness of the filling layer 120 may be 10 nm~200 nm and
the bottle neck 104 vanishes because of the destructive oxi-
dation procedure.

Owing to the introduction of oxygen atoms, the filling layer
120 fills up the second recess 102 and occupies most of the
first recess 103 so the first recess 103 barely remains. In
addition, due to the direct oxidation of Si atoms, the filling
layer 120 is supposed to have a not even top side 121 and a not
even bottom side 122, so it is different from what is formed by
deposition. The filling layer 120 is substantially stress free.

Because the spacer 114, the mask layer 111 and the buffer
layer 112 are used to protect the fin structure 110 from being
damaged by the etching or the oxidizing procedures, the
spacer 114, the mask layer 111 and the buffer layer 112 are
ready to be removed after the etching or the oxidizing proce-
dures are done, as shown in FIG. 7A. For example, the spacer
114 may be removed by wet etching. If the spacer 114
includes the first spacer material layer and the second spacer
material layer, removing the spacer 114 means simulta-
neously removing the first spacer material layer and the sec-
ond spacer material layer.

In a second embodiment of the present invention, an oxide
layer which fully covers the fin structure 110 is formed.
Please refer to FIG. 6B, after the needed first recess 103 and
second recess 102 are done, a deposition procedure may be
used to form the filling layer 120 which fully covers the fin
structure 110 and fully fills up the first recess 103 and second
recess 102 without oxidizing the Si atoms in the substrate
101. Therefore, the filling layer 120 is monolithic.

For example, a spin-on dielectric (SOD) which coats a
layer of liquid containing silicon oxide on the wafer surface
and/or a deposition procedure is used to form the filling layer
120 which fully covers the fin structure 110, the first recess
103 and second recess 102 so that the filling layer 120 may
include silicon oxide or silicon oxynitride. SOD fills the gap
to exhibit good coverage. A thermo annealing is carried out on
the liquid to transform it to a solid oxide layer. Please note that
the fin structure 110 is still directly connected to the substrate
101 because no Si atoms are oxidized. Optionally, a pad layer
109 may be formed on the inner walls of the first recess 103
and second recess 102 in advance before the filling layer 120
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is formed. The pad layer 109 may be formed by oxidizing the
substrate 101. The pad layer 109 may be useful in smoothing
the roughened surface of the substrate 101 and additionally
repair the lattice structure to reduce the leak current.

Later, please refer to FIG. 7B, a CMP and a pull back step
may be used to reduce some of the filling layer 120 by process
control, so that the outer surface of the filling layer 120 and
the bottom of the spacer 114 directly but barely align with
each other. The filling layer 120 just fills up the first recess 103
and second recess 102 but completely exposes the fin struc-
ture 110. The pull back etching may be carried out by a dry
etching such as CF,+0, and Ar, wet etching such as dilute HF.
Because the filling layer 120 which fills up the first recess 103
is deep in the substrate 101, it may be deemed as the common
shallow trench isolation.

Because the spacer 114, the mask layer 111 and the buffer
layer 112 are used to protect the fin structure 110 from being
damaged by the etching or oxidizing procedures, the spacer
114, the mask layer 111 and the buffer layer 112 are ready to
be removed after the etching or oxidizing procedures are
done, as shown in FIG. 7A. For example, the spacer 114 may
be removed by wet etching. If the spacer 114 includes the first
spacer material layer and the second spacer material layer,
removing the spacer 114 means simultaneously removing the
first spacer material layer and the second spacer material
layer.

After the above formation of the oxide layer and different
filling layer 120 are resultantly formed, the following steps
for the formation of the gate are still universal. After the
spacer 114 is removed, the needed gate dielectric layer 131 is
formed. The former structure as illustrated in FIG. 7A now
becomes the structure as illustrated in FIG. 8 A. Or optionally,
the cap layer 113 may be removed in advance, so the former
structure as illustrated in FIG. 7B now becomes the structure
as illustrated in FIG. 8B. The gate dielectric layer 131 may be
a regular dielectric material, such as a silicon oxide of high
quality, or a high-k material HfO, or HfZrO, or ZrO, or
BaTiO; or Al,O; or Ta,O5 or La,0; or Pr,O;. The procedures
for the gate dielectric layer 121 are well known to persons of
ordinary skills in the art and the details will not be described
here.

Later, a gate structure 130 disposed on the fin structure 110
and controlling the fin structure 110 is formed. For either the
structure as illustrated in FIG. 8A or the structure as illus-
trated in FIG. 8B, a gate structure 130 can still be formed, so
that the structure as illustrated in FIG. 8A becomes a FINFET
transistor structure 100 as illustrated in FIG. 9A or the struc-
ture as illustrated in FIG. 8B becomes a FINFET transistor
structure 100 as illustrated in FIG. 9B.

For example, a gate material layer 132 is completely depos-
ited on the gate dielectric layer 131 and then an etching
procedure is used to define the gate structure 130. If the cap
layer 113 remains, the gate dielectric layer 131 is in direct
contact with the cap layer 113. Ifthe cap layer 113 is removed,
the gate dielectric layer 131 directly surrounds the fin struc-
ture 110. At least, the patterned gate dielectric layer 131 and
the gate material layer 132 together form the gate structure
130, and the methods for forming various FINFET transistor
structures of the present invention are as described.

The methods for forming various FINFET transistor struc-
tures of the present invention may obtain at least two FINFET
transistor structures. First, as shown in FIG. 9A, in a first
embodiment of the present invention, a FINFET transistor
structure 100 is provided. The FINFET transistor structure
100 of the present invention includes a substrate 101, a fin
structure 110, a filling layer 120 and a gate structure 130. The
substrate 101 is usually a semiconductive material, such as Si
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and can be oxidized to form silicon oxide in a suitable con-
dition. The filling layer 120 is made by directly oxidizing the
Si atoms in the substrate 101, so a filling layer 120 directly
covers the substrate 101. As a result, the expensive SOI sub-
strate is no longer needed in the FINFET transistor structure
100 of the present invention so it is advantageous in produc-
tion cost.

The filling layer 120 itself has a top side 121 and a bottom
side 122 in direct contact with the substrate 101. Because the
filling layer 120 is made by directly oxidizing the Si atoms in
the substrate 101, at least one of the top side 121 and the
bottom side 122 is uneven. For example, the filling layer 120
includes a plurality of U-shape bottoms 122 so it is absolutely
different from a flat surface (not shown) made by deposition
procedure. Further, the filling layer 120 is substantially stress
free.

The fin structure 110 is disposed on the filling layer 120 and
includes a fin conductive layer 117 and a source/drain 118
disposed at two sides of the fin conductive layer 117. Prefer-
ably, the top of the fin structure 110 includes a rounded corner
116. In the FINFET transistor structure 100 of the present
invention, there maybe more than one fin structure 110 so the
fin structure 110 may be disposed between two adjacent
U-shape bottoms 122. The fin conductive layer 117 in the fin
structure 110 is originally part of the substrate 101 but it
separates from the substrate 101 completely due to the seg-
regation of the filling layer 120. Optionally, there maybe a cap
layer 113, such as silicon oxynitride, covering the fin conduc-
tive layer 117 in the fin structure 110.

The gate structure 130 surrounds the fin structure 110 in
three directions and includes a gate conductive layer 132 and
a gate dielectric layer 131. The extending gate structure 130 is
usually in a form of U-shape to control multiple fin structures
110 at the same time. The gate structure 130 controls the fin
structure 110 in three directions if the cap layer 113 is
removed. The gate structure 130 controls the fin structure 110
in two directions if the cap layer 113 remains.

As shown in FIG. 9B, in a second embodiment of the
present invention, another FINFET transistor structure 100 is
provided. The FINFET transistor structure 100 of the present
invention includes a substrate 101, a fin structure 110, two
combined recesses 1000, two filling layers 120 and a gate
structure 130. The filling layers 120 may include silicon oxide
or silicon oxynitride. The fin structure 110 includes a fin
conductive layer 117 and a source/drain 118. The substrate
101 is usually a semiconductive material, such as Si. A gate
structure 130 crosses the fin structure 110. The two combined
recesses 1000 are embedded within the substrate 101. Each of
the combined recesses 1000 includes a first recess 103
extends in a vertical direction Y and a second recess 102
extends in a lateral direction X. The second recess 102
includes a protruding side 105 extends in the lateral direction
X to and under the fin structure 110. The protruding side 105
is in a wedge shape. The lateral direction X and The vertical
directionY are shown by arrows in FIG. 9B. Furthermore, the
protruding sides 105 under the fin structure 110 shape the
substrate 101 to form a bottle neck 104. In other words, the
protruding side 105 partially surrounds the bottle neck 104.
Two filling layers 120 fill in the combined recesses 1000. The
filling layers 120 in each of the combined recesses 1000
respectively include a right angle A. Each of the filling layers
120 has a lateral edge 1201 extends in the lateral direction X
and a vertical edge 1202 extends in the vertical direction Y. An
end of the lateral edge 1201 filling in the protruding side 105
is also in a wedge shape. The lateral edge 1201 and the
vertical edge 1202 define the right angle A. The filling layers
120 are formed by deposition procedure to be around the fin
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structure 110 and disposed in the combined recesses 1000
without entirely covering the substrate 101. The fin structure
110 is directly connected to the substrate 101 by the bottle
neck 104, which dissipates heat and reduces leak current as
well. Optionally, the bottle neck 104 may have a width
between 3 um-10 pm, or the width of the bottle neck 104 may
be 40%-60% of that of the fin structure 110. Further, the
FINFET transistor structure 100 in the second embodiment of
the present invention includes a pad layer 109 disposed
between the filling layer 120 and the substrate 101.

Those skilled in the art will readily observe that numerous
modifications and alterations of the device and method may
be made while retaining the teachings of the invention.
Accordingly, the above disclosure should be construed as
limited only by the metes and bounds of the appended claims.

What is claimed is:

1. A FINFET transistor structure comprising:

a substrate comprising a fin structure; and

two combined recesses embedded within the substrate,

wherein each of the combined recesses comprises a first
recess extending in a vertical direction and a second
recess extending in a lateral direction, the second recess
has a protruding side extending to and under the fin
structure;
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two filling layers filling in the combined recesses, wherein
each of the filling layers is monolithic and has a lateral
edge extending in the lateral direction and an end of the
lateral edge is in a wedge shape; and

a gate structure crossing the fin structure.

2. The FINFET transistor structure of claim 1, wherein the
fin structure further comprises a fin conductive layer and a
source/drain.

3. The FINFET transistor structure of claim 1, wherein the
protruding sides under the fin structure shape the substrate to
form a bottle neck.

4. The FINFET transistor structure of claim 1, wherein
each of the filling layers includes a right angle.

5. The FINFET transistor structure of claim 1, wherein
each of the filling layer has a vertical edge extending in the
vertical direction.

6. The FINFET transistor structure of claim 1, wherein the
protruding side extends in the lateral direction.

7. The FINFET transistor structure of claim 1, wherein the
protruding side is in a wedge shape.

8. The FINFET transistor structure of claim 1, wherein a
cross section of the wedge shape comprises a triangle.
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